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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a TCXO (temperature compensated crystal 
oscillation) which is controller so that it can be operated at a low power supply voltage. 
SOLUTION: The TCXO controller 100, operated at a low-voltage power supply of about 
2.0 V. consists of a linear frequency generating circuit 200 to generate currents 1210, 
1210a proportional to a difference between an ambient temperature T and a reference 
temperature To, a O-the order function generating circuit 300 to generate a fixed current 
1206a nearly constant with respect to the ambient temperature T, a quadratic function 
generating circuit 400 that uses the current 1210 to generate a current 1120 proportional 
to a square of the difference between the ambient temperature T and the reference 
temperature To, a controller (adjustment circuit) 500 to adjust the currents 1210, 1210a, 
1206a, and 1120. a current- voltage conversion resistor 110 that converts a sum of the 
currents 1210a, 1206a, and 1120 into a control voltage Vin, and a voltage controlled crystal 
oscillator circuit (VCXO) 600 that controls the oscillated frequency according to the 
voltage Vin, having a temperature characteristic of a quasi- cubic function. 
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Xi 4 9^«|Vc cK«i&3:h/tPNP^©S& 
1 4<Dh 7>t/X^Q6 4CD^-^<hCC^i^U, ^(D3i 

[00 2 4]i5K:Ma, D 5 1 (C%tl^Wft I o 
WftT^Utffi-S ^ISi^t$) 0 , Q5 3<D 
x>«^(cSn^I tttJSHaKTiSiSiafinro 

I t = I o x (T-To) 

[0 02 5] D 5 1 (DTy- F<B«ftV5 1 
V5 1 = V c c - I o XR5 1 

ffiV5 2«, Q53©^-x5^B«S*Vbe 



WBVc c<CJg«L>fci5i/tR5 1 CDffeJS* *V F D 
5 \<DT FffiKc&KU Z<Dt>V- Ffflfl*SfflaS 
TCC#tO-CHg— ^(DH^iffi I ofc:«t*U *<D*V- 
FWJ©«**3 U * f*«lfiSn/c P N PSOl 1 CD h 

X; ^«Vc c (Cgi^$ n/c PNPSOI 2 CD h 
7>y^^Q5 2<Dn U£> rt^-ecDg^*: 10 

?n#tf*ig5 i mm&AJj^tcmffiL . dsicdt 

oicDMCCirbFUT^m^I t(Cgtl. froznu^*** 

McmUO. *t<Dl~X"J%1k, X;^«VCC(C 
Sfel^^/c P N PMCDSgS CD V =7 £ Q 5 5 On b 

3l/^^IgVc c6C}£&3nft:NPNMCD 
^6(Dh^>^^»Q5 6(D^-X«bfrCJ8Kl/. Q53 
O^U^^^x^7 **«iV c cKSM&SJl/cPNP 20 
^0^7CD h7>^^Q5 7CDn 
StSU * *#««V c cfCgjgtSti/cPNP 

MCD^8CD h7>y^^Q5 8 0-^-^K:SJKl/, ^<D 
3^^x^ ^^^Sfl6^tl/cNPNS©m9<Dh^ 
>^^Q5 9©3U^^W^-^^i^ ^x 
^ -;^8i3ti/cNPNSO»l 0<Dh^>^*#Q* 
V5 2 =V5 l -Vb e 5 3 

-Vcc-IoXR5l-kT/qxin (I t/I s) 
£Sl2n& 0 Q54CDX5 7 *{c8fcft£S8£tt k Q5 5 %z • X 5 y ^ffgHEE^V b e 5 4 <bT &<t. Q5 4<Dx^ 
©^U^^iC?Sn^mS£iC^l/< . CCDm««Q6 4CD 30 * £ CD^fi V 5 3 te, 
nU^^CCSfetlS^SE HC^Ul^CD-C, Q5 4CD^-X* 
V53=V52+Vbe54 

=Vcc-ioXR5l-kT/qXln (It/Is) 
+kT/q x l n (I/Is) 



5 3£U ki^I/'^v^ 



q I 



*4 V 5 4 y\ 



i4^o Q5 6CDX5 *£teS6n£S8fctt. Q6 0(Dr3 
U^a?tcflfen^«8a^b<, C(D*ifittQ5 9©ai/ 

2icmtizmmcmL<, c©«t»Q5 3cdxs 

V54=V53-Vb e56 

= Vcc-IoXR5l-2 kT/q x|n (It/is) 
+kT/qx in (I/Is) 
<tfr&o Q6 1©X5 vZtCffitti&mm*. Q63CD^ * ^ •> *|fflSEE*Vb e 6 1 t^Zt, Q6 10x$^ 
U^»CcSSni«SftCC^FO< , CCDmSfe^Q64CDr2b CD^{4V5 5(i, 

cc^oi^r. Q6 1 cd-<-x • x-& 

V5 5=V54 + Vb e6 1 

= Vcc-IoXR51-2 kT/q xin (It/Is) 
+2kT/qXl n (I/I s) 
<fcft4. /Is) 

[002 6]-^ D5 1<D*7V- K(DmffiV5 6«. Q 5 1 CDx * * £ (CiSti4«8i£«. Q5 2cDrJ 

V56 = Vcc-I OXR51 - kT/q x l n ( I o 50 *tCiS*l£*S6K:»L < . C©li6»Q6 4<D3l/ 



(S) 
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2 0 0 1 
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V5 7 = V 5 6 + Vb e 5 1 

=Vcc-IoxR51-kT/qxin (lo/Is) 
+kT/qx In (I/Is) 



[0 0 2 7 ] ccr, *IU?*i0i£2 5 1 (b*f 4 

V5 7 i^liA^^OmffV 5 5<b^bl^^^# 

<fc^r, V55 = V57J:0 > 10 
I = I ox (T-To) 2 

<fcfc9. ffl*«iftl «fflHi»KTiSWaKToi<D* 
02«{cttWtS. l^fe, m(iIoXR5 1= 0. 
4Vi*4<fc^tCR5 l^rta^-rSct. Vbe53^fi 
0. 7Vft(Dt, I t £«J&f £/c#>CcO. 3V^ 

ttl, 4 VODiSmiEV c crttftnijfircA*. /c/cU, 
Q61, Q6 2MQ6 3 <DE^J0»«*>2 . OV^g 
T&CD-C, i5O0^m»2. OVCDtS^JEVcc 
■CttfpaI«B-C*&. 20 
[ 0 0 2 8 ] m 6 ##£WCCfl*£ 2 yc08»^SKDE 

FD7 \<Ot/V- KMtcffiftU tOT^-F 
ffJj&SHSJSTtcStb'rBS— 5c<DHS«i&I oCcStt 
0, Wftjatal/^WttVc cCcg&SSftftiNP 
NMCDIS 1 CD h 7>^X^Q7 1 (D-^-X^C}g^L, * 

£ P NPS(DS 3©F7>^^Q73 (D"*— .XfiC&tt 
0. ^(7)x> iMSSJgTia?tSSTo <L(D^ 

clCimZtltcNPNm<Dm4<D h^>>>X£Q7 4 CD 
^-XtCffiftU ^OX^;^, x ^ ft 



*c ? Z&mi&Z tltc P N PM<DSH6 CD h^>^X2Q 
7 6CD^-X<b&cS^U k Q73CD3l/^^^x^7^ 
#gffiSn/cNPN32<Dg!7<D h7>^^Q7 7<D^ 

N P NS©S8 (D h 7 >>?^ ^ Q 7 8 (D-^-X^lg 
U ^©a l/i?^S:x 5 ? ^^«iHV c c KfiSftSh/c 
PN PS!<D^9CD b 7>^^^Q7 9CDn U^^S^ 

PNP^CD^l 0Oh7>^^Q8 OCD^-XCtg&S 

U^^^fliBVcctcSSKStiytPNPSCD^l IcDh 
7>^^Q8 1 CD-^-XCCg&SU -ecDx5^5?*a 
UWgg7 1 (D^A^SSiHCJSttU fro^-XtfSS 

mmmi i<D&ttictmztitcPup$i<Dni 2<ov 

7>y^^?Q8 2CDX 5 v -^CD^U^* 

X£Q8 3<D^~X&tf:3l^£&C*gi§lU ^Q7 2 
(D-^-XGCigfiSU ^oQ7 5CD^-X<f:, 
&tife£ft/cNPN14<DffH 4 (D bv>isXZQ8 4<D^< 
-*<fcfc:&ttU ^CD^U^^CCcfcOffi^miSI 

[0 0 2 9 ] ^6ittel>T, D7 lCCift*i&®ffiI ott 

^HSttTocs*orns— fifcHjewsfrc*^ q7 3cd 

I t = I o x (T-To) 

[0 0 30] D7 l©*V-K©lfiV7 1 tt. 
V7 1 = I o XR7 1 

~C«£:h,&o £/c, h^>^X^Q7 3CDx^ ^£<D^ 
&V7 2W:, Q7 3CD^-X • x$ v ^PIlE^Vb e 
7 3 £U k*tf)\sy-7>mm. q^IWISE I 



V7 2 = V 7 1 + Vb e 7 3 

= I o x R 7 1 +kT/q x ] n (I t/I s) 
il^^o Q7 4QX5 ^*&Cifcn£«iffiW:, Q75 *-x> ^FIlE^Vbe74it^i, Q74CDx^ 
©3 ^**CCj»ft£miffi±«0< , CCD^SttQ8 4CD «y ^OfKftV 7 3 

3U**CC«£*l£SiJfc I (C^Cl^cDr, Q7 4CD^-X* 
V7 3 = V 7 2 - V b e 7 4 

= I o XR7 1 + kT/q xi n (I t/I s) 
-kT/qx In (I/Is) 
£&£ 0 Q7 6(Dx> ? ^tCi»n*«S6«. Q8 0cD^ fC»nS«iSI t iC^L^CDr, Q 7 6 CD"<-X • x S 

U**teffift*«aMc3SU<, C©«a«Q7 9©3l/ 7^F|lff^Vbe76iT^>i, Q76©X5^0 

^^ccffinsai»tc«L< . c<Dmz&\ZQii<Dzi\s? «tiV7 4ii 



(9) $#§82001-244743 
15 16 
V 7 4 = V 7 3 + V b e 7 6 

= I oxR7 1+2 kT/qX In (It/Is) 
-kT/qX In (I/Is) 
4&& 0 Q81(Dx^7 Q8 3<D? * 5 * ^BSE4Vb e 8 1 4T £4, Q8 1 ©x= ? £ 

U^^tcSfttlS*flfcCC^O<, C©tiitttQ8 4(D3U <Dm(4V7 5ti, 

2 2lCffi t ttZmM \ «C*tA>©"C. Q8 1 CD-<-;* • x* 
V7 5 = V7 4 - Vb e 8 1 

= I oxR7 1 +2 kT/q x 1 n ( I t/I s) 
-2kTAx In ( I / I s ) 

[ 0 0 3 1 ] , D7 1©7^-K©t(4V76«, Q 8 4 CQn U * I CC*Ll><DT\ Q7 1 

V76-IoxR71+kT/qXln (lo/Is) <3[>^-X - -;^|BSE*Vb e71itl>t, Q7 

4fc& 0 Q7 I©* 5 vZlcmtl&nmitt. Q72©3^ K0i^7^teV7 7^ 
V7 7 =V7 6 -Vb e 7 1 

= I o x R 7 1 +kT/q x l n (Io/Is) 
-kT/q x l n (I/Is) 



4&£. 

[0 03 2] ter, SBUMI87 1 ©y-f 
4, fi»l*5**otCi5©r. #K<6A:fc«Kf(D«E 
V7 7 4Kf£AJ}ffi^<D1IJBEV7 5 4t*#tA>4#ft-t* 20 
& 0 <^^r v V75-V77J;^ 

1 = 1 o x (T-To) 2 

4&*3, HI*«j«Itt»HaiSTia!WBKTota>« 
<D2fftK:Jt0!J"r£o U^fc, m«IoXR71=0, 
4V4&£<fc ; 5(CR7 1 £f3j£T6 4. Vb e 7 3jM» 
0. 7V&CDT, I t £«J&T*ft:«>K:0. 3V/ctM 
g4#*Tfe, H6*<0»»8«S7 l©A*H!Ji»tt 

fii. 4v oiamE v c c ruff i3trc* -5. 0 , 

Q8L Q8 2MQ8 3 <DiS?iJ!eI&tC£j 2 . OV^g 
"T^CD^ H6©i8±*»fi2. OVCDfimJEVcc 30 

*tt«*«l,"Cl»S. IEI7©TCXO$lJfflI^gl 0 0 
tt. ^H?UjgT4S*mjgTo 4<D^KJ*0(-r*«8fc I 
210MI210a *»ft-r*/c«>(D 1 ^BB»»*0 
182 004, HHiaKTCC»LTIl8-5EOH5e«» I 2 

o 6 aia^-rsfcAoo^majffiHBs o o 4, i 

2 i ozmmuxmfflM&Ttmmu&Tot<Dm<D2 
mctw\?hmm>\ i 2o*»*t*/c«><d2^bb»[« 

£[o]8§4 0 0 4, 1210, 1210a, I 206a& 40 
V I 1 2 0£PS-f 6fctf)£>n> (DI^IeISS) 
5004/ 1210a, 1206 a&tf I 1 2 0<D?0£ 

io4, v i n<,cu^xmmmmk%®m'?2>tc#><Dn 

E&Vm$.*&8i&®t& (VCXO) 6 0 0 i^IKfc 

fi2. ov(Dfi«BE««ar»fPiffi-c*a. 

[0 0 3 4] H8«. H7*©1#»B»*£I§B&2 0 0 

©*imii««*^ort»*. ccd i %n«»£iaK2 o 

«BE»ftEIB2 2 0. ISlCDm^^lHlK2 4 0, «2 50 



(o«sse«i&@b 2 6 0, m 3 (DfiesyggB 280^0 

[0 03 5 ] H9«. i8*(DA'>K+> »^atM 
ff«^HB2 2 0©#im»fiJE«*^L/r^4. 09(00 

fcOT^ot, 21©PNPSh7>^^2 2 1. 2 
224, 2I©NPNSh7>^^2 2 3, 2 24 
4, 2#<£>Jg£i2 2 5, 2 2 64CCj;*3t£fiR;**l& 0 — 
^NPNIh7>^x3?223tt tetfCONPNSSF 
2 2 4©n{S®tM;*4*tr* 8 C<DIhIB 
V t = 1 . 2Vfc8Brr*<D'r\ h7>^5?22 
2CDfiSfl)^E(0. 3V)^Kt, 1. SVOffi^EE 
Vc crttfPpJIIBT?**. 

[0 0 3 6] mi 0«, B8tp<Dni<DGMl9temi&2 
4 0<DB«flWt«*mLri^. HI 0<DHKtt* H?SB 

^cCl^I 206, 12 1 6, I 2 5 2 ^ft^T £fc<D 
«or t a«t*fipsS2 4 14, 3ffl©NPN§* h5> 
^^242, 250, 2514, 1 :$OTjgtn: 2 4 3 
4, 3fi©PNP3? h5>^**2 4 4. 2 48. 24 
9i*iAtt>S. Etc. H10©i»tt. 4t7H 
#To«C*fj£UT. h7>^X$2 4 4©^^«EV 
b cSrM«4i©PNPlh7^X$24 5 4, 
• n U**ra#itU3ftfc4ffl©PN PS h 
7>^X^24 6i, X Y f?<Dtc&)<D 4 f@<DN P 

NSh7>^^2 4 7£*«itn>S. 
[ 0 0 3 7 ] H 1 0©lHl8SCCj:iitf, V t M&iZ2 4 3 
r«ffi-«86a»34T,&. C<D«fe£ 12 4 2 4-r& 
4, 

I242=Vt/R243 

ttto, a!R2 4 3^HHjaaTec»uriis— s&jaa 

«HFtt«:»o»Bir**i8^ fc I 2 4 2ttJSBa«Tfc:» 

urBS-jea«i»ias. Uc^st, vbci 



17 



10 



\%Y^^V7$2A A<J)^\sV 124 2 

CC^(^C^ 0 I2 16it I20 6(CfLt^7>^^ 
2 4 8(03 1/^^^:, ^>v^^2 50, 2 5 1 

! 2 1 6 = - I 2 0 6 

M?)io 0 *fc, 12 5 2 i>j$MMf!iT (r€%t 
SOlSlt^^ ToaHfSfcr-^h (B10<D«64e? 

5 2». »2<D«Sfe«te@B2 6 OCDfcttfjmSfcl 2 1 0 

too38]@i n*, m8*<Dm2<Dmifcm&®&2 

6 0©»JB«flE«**Ur^«. SI 1CD08§«, tuts 

64 tr > hoiUMfi^A^A^or, mmumrtrnm 
i&jzTot<Dmctm?z>nm\ 2 1 o*ffl*r**>© 

"C*r>T. 4 fcT ■> hfg-^AKZjpfJCBbr. Vbc^t 
£4li<DPNP8!h-5>^;**2 6 1 g-*^-* • 
^ u **H#ittlB3*lfc4ffl© PNPMF7 * 2 
62i ( 7 4 v^yycDtcZbtDAffiOlNPNmb^^it 
^^2 6 3i*mtW. Hfc. HI KO@8», 3 
fflC[)NPNSSh5>^X*2 6 4. 2 65. 2 66i, * 

12 6 5=12 6 4XR0. 269 
+ /3 1 (T-To) ') 

/RO. 270 ( 1 +al (T~To) +/31 
= I264XR0. 26 9/RO. 270 
±%:2> 0 &tc. h : 7>i>752 6 6CD:3U^£CcSft<5 
fSSSl 2 6 6it tg£i2 7 l©jgJnfiI£R2 7 1 ±ir£* 

I266=1264XR269/R271 
-I264XR0. 269 
+ /S 1 (T-To) l ) 
/RO. 27 1 (l + a2 (T-To) 
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* 2SOPNPM h^>^X^2 6 7, 2 6 8et, 3#<D 
!61S2 6 9 . 270. 2 7 1 1 % ffi$tffiliS0K2 7 6 
£*{■*. Tt>4. filnfani@IS2 7 6tt % 2*C7>fitn 
27 2. 2 7 3i. ZWOV* + tt4*- F 2 7 4. 2 
7 5<Lr*fltJ&3*l£. 

[0 0 3 9 ] 0 1 1 (DESSKcfctxtf, h7>^X^26 
4 U * ^{cSSniA^MfiS I 2 6 4 (J, gulfi 12 5 2 

tHSKc. jafflfflKTcc^orBg— s<D«^r*or. 

AMfie-y h (01 l<D»£4e* h) *Cj£DT&£ 

2 6 4*#U> hS^HilKOCA^U HHiSfiTtS 
iSISST o i©a&cJt«r 4*« 12 10 

[0040] mmcvmtzt. sta2 6 9ic«£tt*m 

mt I 2 6 4&<DT\ h^>^X£2 6 SCDmU^fc: 
ffitx&Mi&l 2 6 5«. Sh7>^^2 64, 26 5 

6 9 SO* 2 7 0CDffitnfB£:-e-n-enR2 6 9MR2 7 
Oit^xb, I 2 6 5 = I 2 6 4 xR2 6 9/R 2 7 0 
Hn2 6 9M2 7 0i, S6x2 7 1, 2 7 2 
SO*2 7 3iit fia«Ftt©att^fitS"C*«9. fu#£> 

i « k 2 &<dsr»«* £ i % \m<o 

i'Xou&9m&a2. 2ac©jaa»«*fi2<tiy. s 

*iaSTo-CCDS^O(SKfii4:RO. 2 6 9, RO. 2 
70, RO. 271. RO. 272, 

(1+al (T-To) 
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RO. 27 3ii 



(T-To) *) 



(T-To) 



+ 3 2 (T-To) ') 



12 6 6 = I2 64XR0. 269/RO. 271 (1 

+ o2 (T-To) ) 40 

<fctt£. 

[0 04 1 ] ccr, »K«ail«iai82 7 6«:oi»T:si 

2©M^o«facfc*«fwe«E-ri<b# 1 sn©»K 

ttiftiCi^**. fC-C, *2(Dffl««FttOfflR2 
7 1, 2 7 2, 2 7 34ffliU. C ft 6<DJgta£&?>J*g 
ML, fS!S2 7 1. 2 7 2. 2 7 3©g^«(cSfliP3 

JS£i2 7 2<D{&mcmmP 1 Sr. !Stn2 7 3 <D{&m 50 



<omm\t. nmcmi&zntcMjmmxmi&rzct 

i$X%h a mK2 7 2SCf2 7 3CC«^*^y^3T- K 
2 7 4, 2 7 5 tfSS&S ftTte 0 , WMItUSffiR 
t«*i<DIH©HB«a»rS4irCiS. H^PIX&SP 

2 1 mm t ©m«:«EEX«««*9i»n-r ^cit^xt 

Z4X-Y214, 2 7 5«cS»aK*B9:W*4. SIR 
2 7 lCC*tbrtSgi2 7 2X«2 7 3 *afc5»JJ8SW-£ C 
<h#r£, *©IS*f#6n5^RRS!affl*ffi!a2 70© 

[004 2] ±nmmmmm®$&2 lezm^zt. 

R0. 2 7 0 = R0. 2 7 1 



Cu) 



IS 



* 6 b^L^cox, 



2 0 0 
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SI 2 6 8IJ. h^>^*£2 6 7<D^U*£miSI 2 * 
1210=1268-1266 

= 1264xR0. 269 

/R0. 270X (l-l/(l+o2 (T-To) ) 
= I2 64XR0. 2 6 9/RO. 270x a 2(T-To) 



<h&0, I 2 1 0ttSHffl*T£»*HaTo4(Dacc 

[0 04 3]§12(J, H8«t>©»3CDK*fitt&@l82 

8 0©»ffl»R£WI*7nLrii5. 19 1 2<D@S8«, SJIB 10 
"<-X^!EEV b c*A2)U ^O3>ho-7500^ 

JBKTot©a«CJtWrS«»I 2 1 Oa^«fc 
©rfc^T. 4t?HfBlC»i6lt l Vbct** 
n41©PNPIh7>^X^28 1 <b k 

• 3U^^r^ie?n/c4i©PNPf h^>^x* 

2 8 2£. X-T >^->^C0>cet>CD4{@CDNPNMh^> 
vX^2 8 3d:^ixn^o MtC. pi2C0[§JSg«, 
3fiCDNPNMh^>^^^2 8 4. 28 5, 286 

2ffi©PNPSSb'7>^X*2 8 7, 288i, 3 20 
^C7>ffi5i2 8 9. 2 9 0, 2 9 1 t . tStaffij^Elffi 2 

9 6<t**itri^. JffiKffiS9SEll»2 9 6«. 2*<D 
ffi5x2 9 2, 2 9 3i 4 2ffl<D^ **4^f tf- K2 9 
4, 2 9 5 t"C«flS3tiS. P4, P5SO'P6^ & 

[0 04 4 ] SI 2<DHKCCJ:ft«. 01 lOlel&SilH] 
SCc, h7>^^2 8 4CDnu^^tCiStiiAO®£l 

2 8 4W, mmmSLT^uxm—Mcommxh^x, 
smut? b (mi 2<Dm&4rVy h) ecj^crfts 

0. h^>^X£2 8 3<D4^<D^-^mE.^±-CHtj: 30 

2 8 9M2 90i, *gCx2 9 1,2 9 2M2 9 3 <h 
«iaffi«Fttoa«C-2>«!Sr*»3, 1 2 8 4^6, iSHS 
STiSiSfflEtTo <b©^«:l:l:«l^^«* I 2 1 0 a£ 

[0 0 4 5 ] 01 3tt, H7*O0^H«»4S»3 0 

-75oo^64tf y b<oimm^c*AJ]bx. mm 

fflSTtcStUrBS— S<OHS*«£ 12 0 6 a 4Hi;to- S 40 

Wt54f(DPNPah7>^^3 0 1 
^ • nu^ 5?H|3^iaft3n3rc4ffl<DPNPS2 
^3 02i, >W v ^>y<D/c^04flONPN^h 5 
>5^X£ 3 0 3 L*mz-Xi,*Z> 0 
[0 0 4 6 ] mi 3©iK5CJ:h«, I2 0 6att v 

HfflST«:*forBS— ^©«iftr*or, CBBStr* h 

(01 3CD^4fc'^ h) tCjED-CftSQ. h^lsisZ 
£3030400^- XlE^it H ft h ««/Jn <t % 
0. *TL&6tf**<fc«c4. ft**, ±IS^1-^3C0 50 



tt»ftteElitg2 4 0. 2 6 0. 2 8 0aufO*BB«»4 
0883 0 Ote, 1. 7 V<D®«BEV c crftf-tnlfiB-C* 

[0 047 ]il 4te, H7*0 2*BB»«fflaa4 0 

o©«WIWt«*«Lrrt»6. ccD2;XM^^*ei384 

0 0^ H5O2^H8f«*«5 0i, H602%RS[ 
J64S7 0 i*«*^fcfc(Dr*ot. *8EI2 0 
6. I 2 1 6MI 2 1 O^lt. »MTiI 

asasT o t<Dm<D2mtcthmrzmffi. 1120 

«o CCtC, I20 6MI2 16{JloiC, 12 1 

ot*i tcc*n-en»jcr*. mrfEcoi^o, 2 3cHft 

M^5 0, 7 0tt«2. OVOfglEVcctil^pI 

®.xh*> 0 

[0 048]§15(i > i7^©3> btf-^5 00<D 
Rffl«J5Rffl*7KOri>S* CCDn>hD-^5 0 0«, 
PROM (^P^7V^l/'J-h*t> , J-^^ , J) 5 0 

1 <!:, 1 6i@£>D:7 U vy'VU vy'frhU&isV VUi> 
X^ 50 2iT«JSJ5S*lS, COflKt^titf % CLKSS 
*©*n?*«#rHtt*4 0tt**6. DATA^J; 
KlUVTfoOlT-Zm^AJlb. A. B. C. ToiB 
Ktf y KZ>«#C0tt«**». Ch*PROM501«c 
W%iM?Ct&X&2> 0 o$0, ^>hd-^5 00(C 
A^TS^-^ft^CEED-CilB^I 2 1 0a, 12 
06aMl 1 2 0«JfflfcU ««-«E*f!l«Kl 1 
octets wa©R«3^»©«tt*«po»!J8P«EV 

1 nft^BSrSfS (H7#JH) . C<D£%. M0«EEV 

Vin = -a (T-Ti) 3 + £ (T — T i ) + r 
i«-rci*rpj|*-C. A. B> C, ToB8fcf»^*J 
a v 18, r, T i «c*ti*tiSstl£-r4 Q 
[0 0491 ^16^ 07 tp©«ESBiBia!*aaffi|pI 
SS6 0 0©«MHIMc«*^LTC*4. CCD@K«, art* 

6 0 1 7*11^11^6 0 2<t, 4#<Dig*n6 0 3. 6 
04, 6 0 8, 60 9i k 2fiOn>y r >1f 6 0 5, 6 
06i, NPNSh7>^X^607i, IffiCDXv? 

yys/a^T^ys lot, mmsme i i txm&z 

SrJTftrB^cfc^CC. ««3^»CDiBBa*tt«:»oWai 

m.mm.zmmx'$2> 0 mi 6<Dmvi*b5>isx 

2 6 0 7©3l/^^6OSCffl^2|fflStit^4 



(12) 

21 

**. ^ISh5>-^f 6 0 7©iS?2*>6OSCffl;>3 
ZmttiT & J: 5 <c U X b <k t, \ 
[00501 017 (a)-(e)tt. H7 4J©&^- 

( a ) &c^-r <fc 5tc. i ;>cBa^i@K 1 o 07Wtti*m 

•nSrS I 2 0 6 <h, 0 ,Xm$m£M'& 2 0 0 #tt#fflT 

n«s i 2 o 6 a iti, ^■fh.hmmm&Timu'cm— 

ma> (JE(D) @^HfiSET*6 0 Si 7 (b) tCm-TJ: 3 } 

(c. i -xiam^iHiK i o ofrsit&isim 1216 

«. SBiagTtctturBg- ;£© (:&©) a^esr* 10 

•So 0 1 7 ( c ) K^-r«fc 5<C. 1 %HIUI£Bn 1 0 

o^^mbfcosi^&^co-r&mau 2 1 o. 12 

1 0 a «. J1JHSST tS**SST o £ ©MieitW 
4. Ell 7 (d) Cc^f <fc5«C 

SS3 0 O^P±3-tBb/cO?l#^/cOT-2.SoSl 120 
(J. ^HSKTiSHISSTo i<D^©2^CCi:bWT 
•5„ -£-©*£*. 12 0 6a, I2 10aMI 120O 
ffl^6£J&3ttfci|IJSIl^EV in«. Ell 7 ( e ) tC^ 

[00 5 1 ] ttfc. H7*©2;Mfflft#E£iaiS30 0£ 20 
It, Bl®2^ni%£ll O£0 2©2 2dWlfc2££ 
312 0£©«#£*5tS-*>. *St^JEI3©2^M^^. 
|g 3 0 £ 0 4 © 2 2cmttft££ 4 0 £ ©jfi^^btf 

[0052] 

£St#S£ll SS £ ©& * © tH^USt*" 6lii£( 3 &B8&©Sa 

fppiffia: t c x oMaatatmr * c £#-c# s„ 

[Sffi©©#^^] 

[0 1 ] *|EWCC«S2^BII»«^S©fllfiJt«*n«-|Hl 
SS0-C£>S. 

[12] #|«BtC<$S 2^BM»*SS©fS©fllB6W*m 
-riEl38l3-C*&. 

[0 3] a&iKtcffiS 2*W»»^S©E«:<fi©fl|fiRW 



^12001-244743 
22 

[14] ^||i»(Ci«£2%B«R|^SC!}E(Cffli©«fdcM 
^r^-rielSSEI-c*.?). 

[05] **W«:^S2^M^*S©Micffi©^fiXCT 

[16] *^tC^S2^RIS:^S©ll«C<6©«lsSt0iJ 

[0 7 ] *l%WK:^-STCXO$l]ffl)^S©«^^-r 

[0 8 ] 0 7 cf© 1 XM®:^lH]SS©l¥*ffl^fi£Pl?:^f 

[09 ] 0 8*©^-> v ■?EXigMEE&am&<D 

[010] 08 ip<Dm 1 ©Sii£«*&liISa©i¥$B^fiSCT?: 
^•T(ElifS0-C* 

[011] 08*©^2©mii£^@8S©i¥iffl^fi£WI=S: 
^•TlB]S80-C*i>. 

[012] 08*©lfl3©1ii^&|n]ffi©i¥^^il£ 
^T[H880-C«£>£„ 

[013] 07*©O^M»H^llgS©i¥Sffl«^*^ 
-T[5]8§0-C#>S„ 

[014] 07 *©2^M»»^lB]gS©»)ffl«RKfiai*^ 
■milfg0r&.5. 

[015] 0 7 4>03 > h O - 7©if i«lSf!ll:iti 
S80-C4)^. 

[016] 07 tp©«EES(|®M*SSag[Hl8S©Blffl««E 

w*iRTiiifflaT*a. 

[017] 07 ip<D&s- K«C*jt**WE • «%©&& 

*Ste0r-a&. 
[^#©tft?«] 

10,20.30.40.50.70 2 :*W&J%£35 

10 0 T C X OSHjfflljgB 

1 1 o mi^-ms.^m&tn 
200 i %mra£bb 
300 o&n&ft£iBHs 

40 0 2^M»»*@K 

50 0 =3> l-n-7 (HSSilgg) 

6 0 0 ttEEMtBS* Afft&EK ( V C X O ) 



(13) 



13^2 0 0 1 -2 44 7 





CHI 5] 



500 



Dl D2 D3 D4 D5 D6 D7 D8 D9 D10 DU D12 D13 DU D15 D16 
^ ^ ^ ^ ^ ^ ^ T ^ T ^ T ^ ^ 



PROM 



DATA ( 
CLK< 



D Q 



D Q 



o-j-c o j-c °J~ C ' |~ c ' J 



c U 



D Q 

C a 



D Q 
C 0 



-501 



502 



(14) 



*#§§2 001-244743 




[B9 ] 



-200 



-A 



4.' 4-' 4^' 



Vbc 



^210 



-To 



1210a 



(SBSEtelK) 



r 300 



r400 



-O DATA 



-OCLK 



-500 



1206a ... 

_4 Vin 



1120 



-600 



(VCXO) 



§-110 



77T 



osc 



1 

100 



220 



226 




OVcc 



777 



(15) 



$m 2001-244743 



imsi 



1 0] 



200 



r 220 



V 3Z 



r 240 



t3sttt£IaJ2g 



r260 t. 



I82<? 



r 280 t- 



Vbc 



1252 



1208 



1216 



-OA 




6 6 6 6 
To 




(16) 



mm 2001-2447 



[HI 2] 





(17) 



200 1-244743 



14] 



Vcc 




[017] 



1206, 1206a 



(a) 



(b) 



1216 f 
0 



T<tB#) 



1210, 1210a f 



(c) 




T<HL*> 



1120' 



(d) 



(e) 



• To 



